Abstract-We present ferromagnetic resonance (FMR) measurements on Fe thin films where the resonance condition is fulfilled in meta-stable magnetic states in saturation. By comparison to spin wave theory calculations, we show that a small deviation in the shape of the free energy surfaces between the point at which the metastable state is expected to disappear and the one at which it actually decays in the measurement is accounted for by the thermal energy of the magnonic and lattice system, namely the thermal fluctuation field. By comparison to the expected magnon heat capacity, we show that this finding offers the possibility to measure the magnonic contribution to the heat capacity by FMR independent of other contributions.
I. INTRODUCTION
Knowledge of the magnetic contribution to the thermal properties of physical systems is essential for the understanding of magnetocalorics and spintronics such as the spin Seebeck effect. Also for hyperthermia applications it is important to asses the coupling between the thermal properties of the magnetic contributions and the crystal system. Measuring the contribution of magnons to the heat capacity of magnetic materials at temperatures of technical interest however proves to be a difficult problem. It was shown in [1] that by using fields of at least 30 T the magnon contribution in YIG can be supressed in a temperature regime up to 20 K in order to separate it from other contributions. At higher temperatures the thermal properties are dominated by phonons. A supressing field would need to be orders of magnitude higher then could be achieved technically, such that it becomes a challenging task to separate the magnon contribution. Here we propose a new method for determining the magnonic heat capacity using ferromagnetic resonance (FMR). 
including the Zeeman contribution as discussed in [2] . The angles are given in spherical coordinates, where θ is the polar out-of-plane and φthe azimuthal in-plane angle.
In order for the magnetization to be resonantly excited it is necessary for M (θ, φ) to be a minimizer of this energy These measurements where performed at various temperatures and the curves that follow the measured of discontinuities at each temperature are depicted in fig. 3 .
III. RESULTS AND DISCUSSION
We find, that as we decrease the temperature the critical angle offset from the hard axis at which the magnetization transitions from its metastable into a stable equilibrium increases and approaches the angle predicted for zero temperature as shown in fig. 3 . The field regime from 20 mT to 43 mT was chosen because here the angles could be well distinguished and the sample is expected to be saturated.
For all temperatures the resonance field was extracted from the FMR spectra and fitted solving the commonly used eq. 2 [2] , [4] , [5] , [6] to determine the anisotropy parameters.
For the fits, the experimental resonance field was used in the calculation to determine the orientation of the magnetization vector that minimizes the free energy density. This perature regime. We obtain M = (1.71 ± 0.01) · 10 6 A /m and
, using a g factor of 2.09 [7] .
With these values we then evaluated the Zeeman contribution F Zeeman = − M · B to the free energy density in eq.1 for all temperatures using the critical angles φ B from fig.   3 as the in plane applied field angle. In this calculation θ B and θ are fixed to 90°due to the shape anisotropy of the sample. The magnetization angle φ is determined numerically by minimization eq. 1 within the metastable regime. This critical Zeeman energy density is the energy density that is provided to the system in order to perform the transition.
Therfore we analyze its change as a function of temperature.
Cosidering that the magnetization has some amount of heat available to it in the form of magnons we would expect, that as we decrease the temperature Zeeman energy is required to make the transition. Moreover since the Zeeman contribution is defined negative we expect that its change is proportional to the change of the magnon heat in the system. Therefore we calculated the change of the thermal energy of the magnons that is the heat capacity. To calculate the magnonic heat capacity we proceed as described in [8] . As of [9] , [10] the magnon dispersion can be approximated as where γ is the magnetogyric ratio, B is the magnetic flux,
is the radius of the Debye-Sphere with the lattice constant a and the scaling factor α D [11] that approximates the Brillouin zone and ω ZB is the magnon frequency at the zone boundary. According to [8] , the magnon specific heat can then be written as
by calculating the temperature derivative of the inner energy of the magnons. A comparison between the temperature derivative of the Zeeman contribution and the numerically calculated magnon heat capacity of Fe is shown in fig. 5 . We find, that for each applied field the curves are proportional which leads us to the conclusion, that this experiment offers a way to measure the heat capacity of magnons at elevated temperatures.
IV. SUMMARY
We have shown that non collinear FMR modes exist in metastable magnetic states as predicted in ref.
. We also find that the magnonic heat capacity of iron is proportional to the temperature derivative of the Zeeman energy at the critical points in the unconventional FMR angular dependence by comparison to spin-wave theory calculations. We find a good agreement between the measured data and the calculation.
Further investigations will be conducted on different materials as well as microwave power dependent measurements.
